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RESEARCH MEMORANDUM

NORMAI, ACCELERATIONS AND ASSOCIATED OPERATING CONDITIORS
ON FOUR TYPES OF COMMERCIAI. TRANSPORT ATRPLANES FROM
- VGH DATA AVATILABLE AS OF SEPTEMBER 1951

By Roy Steilner and Doris A. Persh

Results obtained from time-history records (VGH records) of normal
accelerations, airspeed, and altitude have been presented in refer-
ences 1 to 3. Additional dats have been obtained from the operstions
of two types of commercial transport airplanes reported in reference 3
together with data on two other types of transport alrplanes. It is
felt that a summary of the data from these four types of airplanes is
of sufficient interest to airplene designers and operstors to warrant
issuance. The data, which were collected between Jamuary 1950 -and
September 1951 and include the data in reference 3, are sumarized herein.

Pertinent characteristics of the four airplenes, designated A, B,
C, and D, were obtained from the Civil Aeronsutics Administration and
the operators and are given in tgble I, Airplanes A and C were operated
on a transcontinental route, whereas airplane B was operated on parts of
a route from New York to Hewaii or Aleske via Seattle. Airplane D was
operated on a north-south route in the eastern part of the United States.

The records covered about 377, 520, 377, and 118 hours of flight
for airplanes A, B, C, and D, respectively, and represent operations to
pressure altitudes of approximately 26,000, 26,000, 16,000, and 20,000 feet,
respectively.

The evaluation of the time-history records was made essentially in
accordance with the procedure outlined in reference 1. The alititude,
however, was read as pressure altitude instead of altitude above terrain
as In references 1 end 2. Thls change in the method of reading the records
was made because 1t was not feasible to determine the altitude above
terrain for the longer flights., The resulis are presented in tables II
to V and are tabulated, for convenience, in altitude brackets of 5,000 feet.
A1l flight distances are based on indicated alrspeeds.

Since a sample of at least 1,000 hours 1s considered necessary to
define trends for a given set of oPerations (reference 2), it is evident
that no finsl conclusions should be drawn from the data. It may be noted
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from the. tables, however, that the total frequency of loads within an

altitude bracket decreases rapldly with increasing altitude. To examine _
this trend.further, the average number of acceleration increments - 4An R Y
greater than *0.3g per mile of flight is plotted against altitude in - I
figure 1. As indicated 1n the figure, the number of acceleration incre- . _ ...
ments per mile of fIight decreases with increasing altitude up to about L
17,000 feet. Above thls altitude, the data from sirplanes A and B indi-

cate an increase in the number of loads; however, this increase does not K
appear to be significant, since airplane A only flew about 15 hours -
(4 percent of the time) at an sltitude of 20 000 to 25,000 feet and air-
plane B only flew about 6 hours (1.5 percent of the time) at 25,000 to
30,000 feet., The’ incressed losd- frequency may also be due in part to an
attempt to fly above more turbulent conditions at the lower altitudes.

Langley Aeronautlcal ILaboratory” o . -
Nationsl Advisory Committee for Aeronautics ) Sk
Langley Field, Va.
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TABLE I

ATRPLANE CHARACTERISTICS

. Gross Design
s | B VEEES | wlme | oUmR L
(indicated mph)
A 117.5 1463 93,200 279
B 1.2 1720 1k2,500 312
C 91.75 817 40,500 280
D 123 1650 107,000 271
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TABLE IT

SUMMARY OF VGH DATA FROM AIRPLABE A

(a) Gust loads end sirspeed

;ﬁ:ﬁn dimtence (mph) mm“;g fAnts 2 0,3 par A
: (mdlea) o Total air wils of flight (g units)
Climb 7,879 201 19k ok 0.0119 0.5 to 0.6
En route 81,636 233 233 212 .00kk Bt .9
Deacent 17,333 23 21 hik .0239 Tt .B
Total , -— — '+ E— ——————
Aversgs | =-ree- 233 230 - .0090 et
(b) Gust loaAs experiencad and parcentags of flight miles by altitude breckets
Altituds 0 ta 5,000 feet 5,000 to 10,000 feet 10,000 to 135,000 feet
: Parcent total | Maximum Percent total | Mecimim Percent total | Meximum
Flight 1||:Ib;r af flight n m:nher of it p. Itlmber of flight An
cand1ition An'a 2 $0.3g miles (g vnita) An'e 230.3g niles (g wnits) on's 2 +0.38 Iﬂi_lﬂl (& I.'Initl)
Climh vi: 3.22 0.3 ta 0.6 1k 2,76 0.4 t0 0,5 2 2.27 0.3 to 0.h
Kn route 32 L.50 Tto .B & 9.39 Tt B & 2.22 Bt .9
Descent 8.32 T+t .8 AL 5.98 St .6 g 3.89 6t .7
Potal ko7 16, k4 rim———— 140 18.13 ——————— 95 0% I EE
Altitnde 15,000 to 20,000 faet £0,000 to 25,000 feet 25,000 to 30,000 fest
Flight Nunber of Percant total Hagm m:nber of Percent :Dtll l(azmu !‘gmhr of Per:aﬁtah :otal Ihximmm
candition fa's 2 10,3 ’mm: (g wnita) An's 2 30,3 ‘mﬂws (8 writs) on's & 30,3 ailes (& units)
Clinh - 0.72 e p—— -— 0.10 | commemeane — — —
En route 10 31,93 0,k to 0,5 3 LR 0.5 t0 0.6 — 0.12 -
Descent -~ 1.& -------- 1 .37 Jte b — 0L -
Total 10 3.0 | e - £l 3.8 | - e -13 -—-
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TABLE IIT
SUMMARY OF VGH DATA FROM ATRFLANK B
(a) Gust loads and airspeed
Flight Aversge indicated airspeed . Number of Maxi
Fl;igl;: s distance (m;ph) Aﬂ'fm b§r18f3 fn's 2 30.3g per 4o
con an 8 £ $0.3g s
(miles) Rough air Total air . mile of flight (g units)
Climb 13,252 204 195 201 0.0152 0.5 to 0.6
En route 79,306 a3k 223 364 .0 .9 to 1,0
Dascent 23,693 238 a5 1758 .0T42 Bto .9
Total 116,251 —— — 2323 | eeeeem | cmmeee—ee-
Aversge = | memeeea 235 o2 — 0200 | e
' (b) Gust loads experienced and percentsge of flight miles by altitude hracket
0 to 5,000 feet 000 to 10,000 feet 10,000 to 15,000 feet
Altituds 5, 3, ’ ) 3
Number of Per;;:;;h :otal Maz:;mm Number of Per;;:;h :otal Ma.gmm Kumber of Perﬁ:;h :ota.l He.zimm
Flight An's 2%0.3g An's 2 0.3g bn's 2 30.3g
condition miles (g units) miles (g vnits) miles (g units)
Climb - 158 3.2 0.5 to 0.6 17 3.53 0.5 to 0.6 23 2,99 0.5 to 0.6
En route 51 1.24 b to .7 163 8.39 9 to 1.0 51 20,94 6 to .7
Descent 146k 8.40 Bt .9 227 5.93 7 to .8 36 k.23 6 ta T
Total 1673 12.89 e ko7 N N I -— 130 28.16 | ;rmmneaeon
Altitude 15,000 to 20,000 feet 20,000 to 25,000 feet 25,000 to 30,000 feet
Number of Percent total | Maxlmm Number of Percent total | Maximum Kumber of Percent total | Maximum
Flight An's 2+0.3g flight An An's 2 30.3 flight An An's > 40.3g £11ght An
condition : niles (g units) -8 niles (g wnita) = miles (g units)
Climb - 1,88 | eaeeoee 3 0.3k 0.3 0 0.4 .- 0.0L | mreermeean
En route 73 25,92 0.6 to 0,7 b 10,54 .3 to & 21 1.19 0.5 to 0.6
Descent; 3 1.5 Jto 5 8 .30 5 to .6 _— o) T O
- Total 76 28,71 ————————— 16 11,18 | memreee - 21 1,21 | reemreeees
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TABLE IV
SUMMARY OF VGH DATA FROM AIRPLARE C

{a) Gust loads and airspeed

Average indicated aeirspeed

Flight Flight (zph) Fuwber of llhmber of Max iwum
condition U stance fn's 2 10.3g an's g 20.3g per An

N {miles) Rough elr Totel air = mile of flight (g vnita)
Climb 8,939 182 169 538 0.0602 0.7 to 0.8
Ep route 48,059 202 207 1570 L0327 W9 te 1.0
Descent 18,274 196 199 1647 0501 1.1 to 1.2
Total 2,272 - -— 1 - T I =
Average rrm— iat 199 — B R —,

(b) Gust loads experienced and percentags of flight miles by altitude brackst

0 to 5,000 fast 5,000 to 10,000 feet
Altitude
of Percent totel Maxinmm Number of Parcant total Maximm
Flignt m’mbﬂ,s > 10,3 flight &n An's 2 £0.3x flight o
condition = =0.38 niles {g unitse) - e nilea (g units)
Climb 510 8.23 0.7 to 0.8 28 3.29 0.9 to 0.6
En route 779 18.36 Tt .8 ™3 35.69 b to .7
Dsscent 1548 13.53 1.1 to 1.2 98 5.29 Bte .9
Total 2BLT %251 S R 8719 [0 N
10,000 to 15,000 feet 15,000 to 20,000 feet
Altitude
Percent total Maximum Percent totsl Max imum
Flight ;‘;‘;E"tgfu £light An . l:f‘:l’;’:gfx ight An
condition bl wiles (g units) el nlles (g unita)}
Climb - (7% | S [— — —— 0.02 e
En route 57 9.14 0.9 to 1.0 1 . 0.3 to 0.k
Degcent 1 A3 3t B - O | eemmeeaea-
Total 58 9.9, | e 1 - T S
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TARLE V
SUMMARY OF YGH DATA FROM ATRFLARE D

(a) Cust loadm and sirapesd

Average Indicated airspeed
Flight Nombe
Flight at ﬂtﬁm (mph) Nimber of pnts > tg.‘;‘; per """"““Au
condition (miles) fn's 2 £0.38 nile of flight (g unit
Rough air Total air ' g units)
Climb 3,408 153 178 10 0.0029 0,7 to 0.8
En route 17,672 213 228 a7 .0038 Bty .9
Degcent 5,172 akl ak) 97 0188 B to .9
Total 1966 — - 17h e Bt .9
Avarage - 227 eep —er LO0BE | eeenmne- —
(b) Gust losfs exparienced and percentage of flight miles by eltituds bracket
L]
R 0 to 5,000 feat 5,000 to 10,000 feet
Parcent total Maxclaun Percent total Mexizam
Fmber of Mumher of
Flight - £1ight; an flight An
condition ~nls 2 20.38 wilen (g wmitm) An's g +0.3g ailen (g unita)
Climb 1 5.07 0.3 to 0.5 9 h.es 0.7 to 0.8
Pn route 3 3.99 b to T 10 12.16 B to .9
Descent 18 9.79 Hto .9 16 6.5 Boto B
Total 8 18.680 r——————— 29 22,86 mern———
Altdbade 10,000 to 15,000 fest: 15,000 to 20,000 fest 20,000 to 25,000 feats
g, Mmbar of Percent total Ha.znimn Fumbey of Pnrxxotﬂ. lh.z:mm m'mber of Parcf;u;tgh:ntal Hﬁ;imm
gondition &n'E £ 2038 (g umitsa) fn'a 3 0.3 uilas (g vnits) tn'e Z20.38)  pives (g unita)
O1imb - S — 0.97 e — = 0.03 Frrr————
En route L) 0.8 to 0.9 3 17.2 0.7 to 0.8 1 2,73 0.3 to 0.4
Dapcent Q9 ,6 to .T papn . memerrae—— | - e 08 | eem——
Total, 37 e e 8 18.96 B 1 BB | e
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Figure 1.- Average number of acceleration Increments equal to or greater
then +0.3g per mile of flight by airpleme by altitude bracket.

NACA-Langley - §-10-52 - 328



T =




